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ABSTRACT 
In this paper, we will focus on the human computer dialogue style named direct 
manipulation  and its “point and click” method. Pointing and clicking objects in GUI is 
usually accomplished by numerous peripheral devices, e.g. light pens, joystick, touch 
screens and – most commonly, computer mice (Greenstein & Arnaut, 1988). This study will 
examine the Direct Manipulation Task Efficiency Factors In Web Browser Interface 
Design’s effect between Internet Explorer and Mozilla Firefox) on their operation 
efficiency. Experiment Testing is used as a mehod, More than 32  undergraduate students 
in accounting will take part as a target population in this study. A special software was 
used to carry out the experiments. Three independent variables are used: Panel orientation 
(in the graphical interface: horizontal and vertical), Panel location ( Left and right), and 
Icon graphic. Thus, the dependent variables measurement are: the acquaition time and the 
number errors made. Data will analised by a descriptive statistics and an analysis vatiance 
(ANOVA). The SPSS version 12 will used to execution.  
 
1. INTRODUCTION 
Contemporary operating 
systems are, in most cases, equipped 
with graphical user interfaces (GUI), in 
which the basic way of communication 
with the system consist of selecting 
various graphic elements and 
confirming execution of a given 
activity. The select and confirm 
method, widely used for operating and 
controlling computer programs, was 
classified into the man-computer 
interaction category called direct 
manipulation (Shneiderman, 1982; 
1983). Pointing and clicking objects in 
GUI is usually accomplished by 
numerous peripheral devices, e.g. light 
pens, joysticks, touch screens and – 
most commonly – computer mice 
(Greenstein and Amout, 1988). In 
studies related to operation efficiency 
of graphical symbol sets, three general 
trends can be indentified. The first one 
is concerned with the visually 
controlled motor activity in the ‘point 
and click’ method – the target is 
constantly visible for the user (e.g. 
Murata and Iwase, 2001; Soukoreff and 
MacKenzie 2004). The second trend 
includes works on visual search of 
graphical items in the computer 
environment without the necessity of 
pointing the specified element. The 
third field is a misture of the first two 
areas and involves both visual search 
and selection the target by pointing and 
clicking (e.g. Grobelny et al., 2005; 
Michalski et al., 2006).  
This research may be located in 
the trend of studies encompasses the 
movement time necessary to reach the 
target item as well as cognitive aspects 
related to the visual search for a given 
object. It is well known that in this type 
of human-computer interaction these 
components may not have an additive 
nature (Grobelny, J., Karwowski, W. 
and Drury, C., 2005). The so far 
research studies proved that differences 
in operation efficiency in that kind of 
tasks cannot be fully explained by a 
widely known Hick-Hyman Law.  
They are also considerably influenced 
by other geometrical factors of the 
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graphical user interface (e.g. Grobelny 
et al., 2005; Michalski et al., 2006). 
The present study is an attempt 
to examine simultaneously the impact 
of some geometrical properties of the 
graphical structures and different icon 
sets taken from two popular web 
browsers (Internet Explorer TM and 
Moszila Firefox TM) on their operation 
efficiency. 
 
2. METHOD 
Overall, 32 sophomore students 
of undergraduate study in accounting 
took part in the experiments. All of the 
subjects reported normal or corrected 
to normal visual acuity. The examined 
persons were at the age of 15-19 (Mean 
= 16.6, Standard Deviation = 0.87). 
There were considerably fewer males 
(11 subjects, 34%) than females (21 
subject, 66%). Most of the volunteers 
(78%) worked with computers on a 
daily basis, 4(13%) users–several times 
a week, and three persons (9%) used a 
computer, on average, once a week. 
The uniform format of the 
gathered experimental information (e.g 
acquisition times, errors made) allowed 
for keeping the data consistency and 
facilitated conducting efficient 
analyses. The software enabled the 
researcher to import the data to 
computer applications supporting 
statistical analysis (e.g. SPSSTM, 
AmosTM).   
There independent variables 
differentiating the analyzed graphical 
object structures were examined: Panel 
oriented (POR). Two panel orientations 
were designed as usually used in the 
graphical interfaces: horizontal (H) and 
vertical (V). Panel location (PLO). 
Two panel locations were manipulated: 
left (L) and Right (R) upper corners of 
the screen. Icon graphics (IGR). Two 
different sets of spreadsheet icons were 
used. They were extracted from 
Microsoft® Internet Explorer TM 6.02 
(EX) and Mozilla Firefox TM 1.5 (FF) 
web browsers. 
Two dependent variables were 
recorded: operation time and number 
of mistakes made. Time was computed 
from when the START button was 
pressed, to when the given graphical 
object was pointed and clicked. Error 
occurred when the subject selected is 
different than required icon. 
The mix of the three 
independent factors produced eight 
different cases of searched panels: (two 
panel orientations) x (two panel 
locations) x (two set of icon graphics). 
A standard mixed model design 
(between and within subjects) was 
employed to investigate all of the eight 
experimental conditions. Panel 
orientation and panel location were 
treated as between factors, whereas 
icon graphics were tested within. 
Volunteers were divided into four 
groups at random. Detailed information 
on the assignment of subjects to the 
individual groups along with the 
factors’ levels is presented in Table 1. 
 
Table 1. Experimental conditions 
Group POR PLO IGR N 
Group 1 
Group 2 
Group 3 
Group 4 
H 
H 
V 
V 
L 
R 
L 
R 
EX,  FF 
EX,  FF 
EX,  FF 
EX,  FF 
8 
9 
11 
4 
 
All of the examined graphical 
configurations consisted of eight 
standard square buttons used in 
Microsoft® operating systems. Every 
item presented  either icons used in 
Internet Explorer TM or Mozilla Firefox 
TM . The side button dimension in 
TWIPs (at 1024 by 768 screen 
resolution, 1 pixel amounts to 15  
TWIPs), pixel, millimeters and visual 
angle amounted to 450, 30, 8, 0o55’ 
respectively. The subjects were asked 
to select a graphical item from a panel 
containing randomly placed buttons 
(Figure 1).  
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    (a)              (b) 
 (c)      (d)  
Figure 1. Exemplary panel configuration examined in the experiment: 
(a), (c) – Mozilla Firefox V.5.0TM and (b), (d) - MS Internet Explorer TM V.6.0 
 
The investigated layouts were 
located in the upper left or right screen 
corners and were moved away from the 
screen edges by 270 TWIPs in order to 
minimize the effect of easier  selection of 
symbols placed on the external borders of 
the panels. The distance between the screen 
border and the icon sets was the same as 
the height of the top title bar used in most  
Microsoft® systems dialogue windows. The 
effects of learning were not examining and 
the panel was visible only during the visual 
search process. The ‘point and click’ 
technique was carried out by means of a 
standard computer mouse. The distance 
between layouts were 7.7o x 0.97o for the 
horizontal panels and 0.97o x 7.7o – for 
vertical ones. 
 
3. RESULT AND DISCUSSION 
In the beginning of the 
examination, the subjects were informed 
about a range and purpose  of  the   study.    
The  assessment  process started  by 
completing a questionnaire regarding 
personal data. Directly before the 
experiment, everyone was allowed for 
performing attemptive selections as many 
times as he/she wished. These test trials 
were not registered by the research 
software. The real tasks started with a 
dialogue window containing a START 
button and an order of searching a 
specified pictorial symbol. At this moment 
the examined graphical panel was not 
visible. After clicking the START button, 
the instruction window disappeared and 
one of the examined structures was shown. 
Next, subjects were to find and select the 
earlier presented graphical object from the 
displayed layout. The user did not received 
immediate feedback about the mistake. 
The information about the average 
acquisition times and a number of errors 
was shown after every ten tasks were 
completed. The direct manipulation tasks, 
were performed by the volunteers 
exclusively by means of a computer 
mouse. All other input devices were 
programically disabled. For every single 
panel arrangement there were ten 
execution orders with a presenting and 
individual group of items as well as the 
position of every graphical object within 
the given structure were randomly set for 
every user. 
Total 615 valid observations were 
registered during the examination. The 
basic descriptive parameters of the 
dependent variable were grouped in three 
main categories: central tendency 
measures, variability measures, and shape 
characteristics and are presented in Table 
2, 3, and 4. The median and mean values 
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of the acquisition times, differ one from 
another by 5.5%, which suggested that the 
dependent variable distribution may not be 
normal. The calculated skewness (1.89) 
and the kurtosis values (5.85) were not 
characteristics of the Gaussian 
distribution. These descriptive denote that 
most of the variate values are located on 
the left hand side and the distribution is 
less dispersed than the normal distribution. 
The figure 2 shows that the empirical 
density function of the dependant variate 
is visibly distinct from the appropriate 
normal curve. The assumption of the 
normality of the acquisition time 
underlying distribution was also rejected 
by the Shapiro-Wilk (SW) statistical test 
(SW = 0.86, p < 0.0001). 
 
 
Table 2. Central tendency measures    Table 4. Shape characteristics 
     of acquisition times           of acquisition times 
Central tendency measures  Shape characteristics 
 Mean 
Geometric man 
Harmonic man 
Median 
Mode 
972 ms 
936 ms 
904 ms 
921 ms 
797 ms 
 Skewness 
Kurtosis 
1.89 
1.89 
 
Table 3.  Variability measures 
   Variability measures 
Minimum 
Maximum 
Standard division 
Variance  
Variability coefficient 
500 ms 
2.719 ms 
296 ms 
87 408 (ms)2 
30% 
 
 
 
 
 
 
 
Figure 2. Probability densities of  acquisition times 
 
Table 5. Acquisition times characteristics for individual panels 
No. Panel 
Type 
N Median 
(ms) 
Mean 
(ms) 
Standard 
error 
(ms) 
Standard 
deviation 
(ms) 
Minimum 
(ms) 
Maximum 
(ms) 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
H_L_EX 
H_L_FF 
H_R_EX 
H_R_FF 
V_ L_EX 
V_L_FF 
V_R_EX 
V_R_FF 
78 
75 
84 
85 
106 
107 
40 
40 
914 
938 
922 
844 
930 
859 
977 
1 032 
1 010 
969 
966 
927 
1 000 
889 
1 048 
1 085 
39.6 
31.6 
26.2 
26.2 
30.7 
19.6 
66.2 
59.3 
350 
273 
240 
242 
316 
202 
419 
375 
593 
531 
563 
609 
594 
516 
515 
500 
2 719 
2 375 
1 672 
1 859 
2 297 
1 703 
2 469 
2 172 
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Figure 3. Acquisition times for all examined panels 
 
The basic statistical descriptive 
parameters calculated for all experimental 
conditions are presented in Table 5. It can 
be note that for every examined graphical 
structure the median had lower value – 
like for the whole acquisition time variate, 
and the ranges were also similar. The 
vertical configuration positioned on the 
left upper coner of the screen and 
comprising Mosilla FirefoxTM icons 
occurred to be the best (889 ms) graphical 
structure in terms of operation speed. 
The lowest mean selection results 
were obtained for the vertically oriented 
arrangement in the upper right corner, 
containing graphical objects from Mosilla 
FirefoxTM (1 085ms). The difference 
between the best and the worst mean 
acquisition times amounted to 22%. 
Because of non-normality of the 
depended variable, Generalized Linear 
Models (GZLM) were employed to test 
the statistical difference in the obtained 
results In this work, it was shown that the 
hypothesis about the IG character of the 
acquisition time empirical distribution for 
the types of graphical structures 
comparable with the examined in this 
study cannot be rejected. The GZLM 
incorporated an analysis of variance and 
require statistical distribution of a 
dependent variable to belong to a natural 
exponential family of distributions. 
Analysis of variance in this investigation 
was conducted under the assumption that 
the dependent variable has the inverse 
Gaussian (IG) distribution. On one hand 
the IG belongs to a natural exponential 
family of distributions, and on the other it 
is characterized by the positive skewness 
and kurtosis, which also occurred in this 
study empirical probability density 
function. A three factorial analysis of 
variance based on the GZLM was 
employed for assessing the effects of the 
panel orientation, panel location on the 
computer screen and the icon graphics 
type. The results of the ANOVA are 
presented in Table 6. 
 
Table 6. GZLM Analysis of variance results 
Effect df Wald statistics (W) p 
Panel orientation 
(POR) 
Panel location (PLO) 
Icon graphics (IGR) 
POR x PLO 
POR x IGR 
PLO x IGR 
POR x PLO x IGR 
1 
1 
1 
1 
1 
1 
1 
2.32 
2.86 
3.11 
12.7 
         0.000005 
2.61 
2.60 
0.127   
*0.091   
*0.078   
**0.0004 
0.998   
0.106   
0.107   
* The results significant at a level 0.10                                
** The results significant at a level 0.05 
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According to the calculated results 
the effects of the panel location and icon 
graphics type were statistically significant 
at a level 0.10. The basic descriptive 
statistic related to these factors were 
demonstrated in Tables 7 and 8 and 
illustrated in Figure 4. Because of the 
different than normal character of the 
dependent variate minima, maxima and 
medians were also presented. The panels 
located on the left-hand side of the 
monitor were operated significantly faster 
than those on the opposite side. The 
difference amounte dot 22 ms (2.3%). The 
layouts consisting of Mosilla FirefoxTM 
pictorials were better – by 5% (55 ms) – 
man panels with Mosilla FirefoxTM 
symbols. 
 
Table 7. Results for the PLO factor (df = 1 1, W = 3.11, p = 0.078) 
 
No. PLO N Median 
(ms) 
Mean 
(ms) 
Standard 
error 
(ms) 
Standard 
deviation 
(ms) 
Minimum 
(ms) 
Maximum 
(ms) 
1. 
2. 
L 
R 
366 
249 
906 
922 
963 
985 
15.2 
15.3 
290 
304 
516 
500 
2 719 
2 469 
 
 
Table 8. Results for the PLO factor (df = 1 1, W = 3.11, p = 0.078) 
 
No. IGR N Median 
(ms) 
Mean 
(ms) 
Standard 
error 
(ms) 
Standard 
deviation 
(ms) 
Minimum 
(ms) 
Maximum 
(ms) 
1. 
2. 
EX 
FF 
308 
307 
922 
891 
1 000 
945 
18.3 
15.1 
322 
265 
515 
500 
2 719 
2 375 
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                           Medians 
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              L                     R                   EX                      EF 
       PLO         IGR 
 
 
Figure 4. Acquisition times for PLO (df = 1, W = 3.11, p = 0.078) And IGR (df = 1, W = 2.86, p = 
0.091) factors 
  
 
From among the possible 
interactions in the ANOVA only the POR 
x PLO was statistically significant (α = 
0.05). Detailed results are presented in 
Table 9 and Figure 5. 
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Table 9. Acquisition times for the interction between POR and PLO factor 
(df = 1, W = 12.69, p = 0.0004) 
No. POR x 
PLO 
N Median 
(ms) 
Mean 
(ms) 
Standard 
error 
(ms) 
Standard 
deviation 
(ms) 
Minimum 
(ms) 
Maximum 
(ms) 
1. 
2. 
3. 
4. 
H_L 
H_R 
V_L 
V_R 
153 
169 
213 
80 
922 
891 
875 
1 016 
990 
947 
944 
1 067 
25.4 
18.5 
18.5 
442 
314 
241 
270 
395 
531 
563 
516 
500 
2 719 
1 859 
2 297 
2 469 
 
In order to provide more insights 
with respect to this interaction’s nature 
two post-hoc one-way GZLM analyses of 
variance were employed. It occurred that 
although horizontal panels were faster 
operated on the right upper corner of a 
screen, the difference was statistically 
irrelevant (df = 1, W = 2.44, p = 0.118). 
Among vertical layouts lower mean 
selection times were recorded for 
graphical structures located on the left 
upper corner and this outcome was 
statistically significant (df = 1, W = 9.91, 
p = 0.00164). 
 
 
1 200  -               Means with Standard Errors 
                           Medians 
  
 1 100  - 
 
 
 1 000  - 
 
 
900  - 
 
 
    800  -                  ◌ֽ                    ◌ֽ                 ◌ֽ                ◌ֽ  
  
 
                    
                              L                  R                  L                      R 
       Horizontal         Vertical 
 
Figure 5. Acquisition times for the interaction between POR and PLO factors  
(df = 1, W = 12.69, p = 0.0004) 
 
A total of 25 incorrect selections 
were registered during the examination, 
which accounted for 3.9% of all performed 
tasks. The detailed decomposition of 
errors among examined factors are showed 
in Table 10. The largest proportion of 
wrong selections (5.3%) was noted for 
horizontal panels, while the lowest number 
of errors (2.3%) was registered during 
testing vertical structures. 
To assets whether differences in 
obtained errors for examined factors were 
statistically significant, a nonparametric 
Chi-square test was employed. The 
obtained results are put together in Table 
11. The statistically meaningful result was 
yielded only in the case of panel 
orientation factor (p = 0.054). 
The basic goal of this research was 
to examine the role of the icon graphics 
used in the two widely known web 
browsers as well as their grouping and 
location on the computer screen n the 
context of graphical interface operation 
efficiency. The obtained results 
demonstrated that both panel orientation 
and the type of graphics used considerably 
influenced the icon selection speed. 
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Additionally, the interaction between the 
panel orientation and a type of iconic 
symbols occurred to be statistically 
meaningful. 
 
Table 10. Error percentages 
Factor  Errors 
Panel orientation 
     Horizontal 
     Vertical 
Panel orientation 
     Left 
     Right 
Icon graphics 
     Internet ExplorerTM 
     Mozilla FirefoxTM 
 
     5.3 
     2.3 
 
     3.7 
     4.2 
 
     3.8 
     4.1 
 
Factor df X2 p 
Panel orientation 
Panel location 
Icon graphics 
1 
1 
1 
3.72 
0.12 
0.04 
‘0.054 
0.726 
0.838 
 
Panel orientation 
Although the panel orientation 
effect was statistically irrelevant (p = 
0.127), the computed probability was 
almost identical to the outcome obtained 
by Michalski in the other work published 
in these proceedings (Michalski, 2007). 
The mean acquisition times for vertical 
panels were longer by barely 1.1% than 
those for vertical configurations. This 
outcome was rather unexpected in light of 
the previous studies, in which the effect 
was usually statistically significant. It 
should also be mentioned that the earlier 
research were not always coherent (Back 
et al., 1987; Scott and Findlay, 1991; Shih 
and Goonetilleke, 1998; Schaik and Ling, 
2001; Person and Schaik, 2003; Grobelny 
et al., 2005; Michalski et al., 2006). It 
seems that in this investigation the panel 
orientation effect was less important than 
other analysed factors  or/and could be 
attributed to aculomotor mechanisms 
described by the classical Fitts’ law. 
Panel location 
According to the main ANOVA 
results, the position of the pictorial sets 
was significant at a level 0.10 whereas n 
similar experiments on spreadsheet 
software icons conducted by Michalski 
(2007) the PLO effect was significant a 
level 0.05. The examined graphical 
structure were generally better operated on 
the upper left corner of the screen – just 
like in the work of Michalski (2007). It is 
possible that this effect was less salient in 
this study because of the considerably 
smaller number of icons used in the 
experiments or/and differences in usage of 
the examined sets of icons. The relative 
difference amounted to 2.3%, which was 
much smaller compared to 3.9% 
difference reported in the Michalski 
(2007) paper. In other earlier studies the 
results related to the sets of graphical 
objects’ location were also ambiguous 
(e.g. Schaik and Ling, 2001); Person and 
Schaik, 2003, Michalski et al., 2006). 
Icon graphics 
From among two sets of pictorial 
symbols, those from of Mosilla FirefoxTM 
occurred to be more helpful in executing 
the ‘search and select’ tasks than MS 
Internet Explorer TM  icons. This IGR 
effect in the Michalski (2007) research 
was statistically irrelevant. In light of 
empirical research on the design and 
perception of graphical object utilized in 
human computer interaction (e.g. 
Wiedenbeck, 1999) the obtained results 
suggests that the examined icons differ 
considerably in their visual and/or 
complexity. 
Interaction between panel orientation 
and location 
The ANOVA also proved that the 
interaction between configuration 
orientation and location was significant (p 
= 0.0004). The further analysis showed 
that a meaningful difference in mean 
acquisition times of two various layout 
positions was registered only for the 
vertically oriented sets of icons. This 
outcome is partly consistent with the 
results obtained in the study of Michalski 
et al. (2006), where akin interaction was 
observed, but the obtained discrepancies in 
acquisition times were significant only for 
some vertical arrangements. However, in 
the similar research of Michalski (2007) 
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any of the possible interactions were not 
important in the statistical sense. 
Errors 
A total number of incorrect 
selections (3.9%) was very similar to the 
error obtained in the study of Michalski 
(2007) – 4.4%, but bigger compared to 
other akin studies (e.g Backs et al., 1987; 
Schaik and Ling, 2001; Grobelny et al., 
2005 Michalski et al., 2006). However 
there were also research where the wrong 
responses rate was comparability (Scott 
and Findlay, 1991) and even almost twice 
as high (Simonin et al., 2005). In present 
investigation only the panel orientation 
factor significantly affected the number of 
errors made, which is completely 
inconsistent with the results obtained in 
the work of Michalski (2007), where 
exclusively this factor was statistically 
irrelevant. 
 
4. LIMITATIONS AND FUTURE 
RESEARCH 
The present study was based on 
very young participants and it is undear 
whether similar results would be obtained 
among more mature subjects. The 
outcomes reflects also only the situation in 
which the cognitive processes related to 
visual search of randomly placed graphical 
objects as well as visually controlled 
mouse movements are involved 
simultaneously.  However, such situation 
is not typical to the web browse usage. 
The experimental setup was confined only 
to the ‘point and click’ technique 
employed for exclusively two sorts of 
pictorial symbol sets used in two 
commonly used web browsers. One should 
also be cautions at drawing general 
conclusions about the role of icon graphics 
and other examined independent variables 
in other types of web browsers, all the 
more that in very similar research carried 
out by Michalski (2007) the results were to 
a large degree inconsistent with the 
outcomes presented in this article. 
Furthermore, the operation efficiently 
measured by selection time and the error 
rate are not the only criteria used in 
assessing the software interface quality. 
For instance, the symbols’ aesthetics could 
be more important to users than higher 
than the operation efficiency. It should 
also be noted that the experiments were 
conducted taking advantage of only one 
size of the icons so it is unknown whether 
the same results would be recorded for 
other item dimensions. The outcomes 
could also be affected by the previous 
users’ experiences with the web browsers. 
Additionally the presented experiments 
were conducted in the laboratory 
environment and it is not known how users 
would perform in real environment. 
The presented experimental studies 
of one of the aspects of web browsers 
usability constitute a basis for further 
research on GUI design. In next studies 
the increase in a number of participating 
subjects would allow for comparisons 
between individual icons of the examined 
groups. One may also verify if, and to 
what extent, other factors such as various 
panel locations, their arrangements, or 
different icon sizes affect the operation 
efficiency. This research could be 
extended by inclusion of pictorial symbols 
used in other web browsers’ interfaces 
and/or by subjective assessment of the 
user preferences related with the graphical 
objects. Additional experiments can be 
also conducted by means of other pointing 
devices or touch screens. 
The presented research, in general 
confirmed that the design of icons and 
geometrical features of graphical panels 
significantly affected the operation 
efficiency of the group of pictorial items. 
These findings need perhaps additional 
investigation but it can be said that the 
icons in the Mosilla FirefoxTM web 
browsers were better designed than 
pictures from MS Internet Explorer TM  in 
the context of their operation efficiency. 
The irrelevant differences in mean 
operation times for the panel operation 
effect was surprisingly different from the 
results of previous studies but almost 
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identical with the result obtained by 
Michalski (2007) in very similar 
experiments. It is possible that the positive 
impact of compact and horizontal layouts 
on the user efficiently was diminished in 
this case by other factors. 
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